Motivation
Business managers are well aware of the fact that credit constraints can hamper or even prevent exporting. The reason is that exporting involves extra costs to enter foreign markets (e.g., for the acquisition of information about a target market, for the adaption of products to foreign legal rules or local tastes, for instruction manuals in a foreign language and for setting up a distribution network) that often have to be paid up front and that to a large extent are sunk costs. Firms need sufficient liquidity to pay for these costs, and constraints in the credit market may be binding.
Furthermore, it tends to take considerably more time to complete an export order and to collect payment after shipping compared to a domestic order, and this increases exporters' working capital requirement. The higher risk of export activities (including exchange rate fluctuations and the risk that contracts cannot be as easily enforced in a foreign country) adds to these liquidity requirements. Therefore, whether a firm is financially constrained or not can be considered as one of the characteristics of a firm that are relevant for the decision to export.
While this is common knowledge for practitioners, economists only recently started to incorporate these arguments in theoretical models of heterogeneous firms and to test the implications of these models econometrically with firm-level data.
Chaney (2005), Muuls (2008) and Manova (2010) introduce credit constraints into the seminal model of heterogeneous firms and trade by Melitz (2003) to discuss the role of these frictions for the export decision. 1 In the Chaney (2005) model firms must pay extra costs in order to access foreign markets, and if they face liquidity constraints to 1 A detailed discussion of the theoretical models is far beyond the scope of this empirical paper; for a synopsis see Egger and Kesina (2010) and Minetti and Zhu (2011) .
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finance these costs, only those firms that have sufficient liquidity are able to export.
The Muuls (2008) model has the same implication -firms are more likely to be exporters if they are less credit-constrained. In the Manova (2008) model firms that are more affected by credit constraints participate less likely in export markets, and if they do, they export less.
The basic idea that financial constraints matter for the export decision of a firm and the implications of the recent formal theoretical models are taken to firm level data in a number of micro-econometric studies (surveyed in section 2) for developed and developing countries. This paper contributes to this empirical literature by providing evidence for enterprises from manufacturing industries in Germany, one of the leading actors on the world market for goods. It uses a unique newly constructed data set that merges high-quality data at the enterprise level taken from surveys of the statistical offices with a credit rating score that measures the credit-worthiness of the firm (discussed in section 3) supplied by the leading German credit-rating agency
Creditreform. The empirical investigation (presented in section 4) provides evidence on the links between credit constraints and exporting or not, the share of exports in total sales, starting to export, and stopping to export.
To anticipate the most important results, In line with hypotheses from theoretical model we find a positive link between a better credit rating score of a firm and both the probability that the firm is an exporter and a higher share of exports in total sales. This link, though statistically highly significant, is not very strong from an economic point of view. While empirical evidence for the hypothesis that credit constrained firms are less likely to start to export is at best weak, we find no evidence for a statistically significant difference in credit rating scores between firms that that stopped to export and firms that continued to export. 
A survey of empirical studies on financial constraints and exports at the firm level
Starting with the pioneering study by Greenaway, Guariglia and Kneller (2007) a growing number of empirical papers looked at the links between financial constraints and export activities using data at the level of the firm 2 . Table 1 is a tabular survey of 24 empirical studies that cover 13 different countries plus three multi-country studies. 3 As of today, we have evidence for countries that differ widely in the level of 2 Firm refers here to either the local production unit (establishment) or the legal unit (enterprise).
3 The tabular survey does not include studies with aggregate data by Manova (2008) , Jaud et al (2009), Chor and Manova (2010) , Alvarez and Lopez (2011) and Yalcin (2011) .
Furthermore, the following studies that use firm-level data to investigate related but different topics are excluded: Campa and Shaver (2002) use a sample of Spanish manufacturing firms to show that exporters' cash flows and capital investments are more stable than non-exporters' and find that liquidity constraints are less binding for exporters than for non-exporters. Bridges and Guariglia (2008) use U.K. firm level data to look at the effects of financial variables on firms' failure probabilities, differentiating firms into globally engaged (exporting or foreign owned) and purely domestic. They find that lower collateral and higher leverage result in higher failure probabilities for purely domestic than for globally engaged firms. They interpret this as evidence that global engagement shields firms from financial constraints. Buch et al. (2009) use German firm level data to analyze the impact of financial constraints on the decision to engage in foreign direct investment and on foreign affiliate sales. Damijan, Kostevc and Polanec (2010) investigate the causal relationship between the extent of external debt financing and the intensive margin of exports for firms of different size in Slovenia. They find evidence that taking on any additional finance help firms to expand exports. Guariglia and Mateut (2010) use a panel of UK firms to investigate the role of financial constraints for inventory investments.
They find, inter alia, that firms that do not export and are not foreign owned exhibit higher sensitivity of inventory investments to financial constraints. Bas and Berthou (2011) study how financial constraints affect the decision of firms to import foreign technology embedded in capital goods. They use firm panel data from India and confirm the important role of financial factors. Badinger and Url (2012) use data for 178 Austrian exporting firms for the year 2008 to investigate the impact of export guarantees and find that the use of these guarantees have a large positive effect on firm-specific export performance. Eck et al. (2012) investigate the role of trade credits (that are extended bilaterally between firms and exist in the form of supplier credits and cash in advance) and find that these credits have a positive impact on German firms' exporting and importing activities. Felbermayr et al. (2012) 6 economic development. While the studies use different measures of financial constraints and apply different econometric methods to investigate the links between these constraints and export activities, the big picture 4 can be summarized as follows: Financial constraints are important for the export decisions of firmsexporting firms are less financially constrained than non-exporting firms. Studies that look at the direction of this link usually 5 report that less constraint firms self-select into exporting, but that exporting does not improve financial health of firms.
Two studies investigate the case of Germany that is the focus of this paper. Buch et al. (2010) combine enterprise data from a commercial data base (Dafne) and from the Deutsche Bundesbank's data base on foreign direct investment (MiDi) to investigate simultaneously the firm's decision to engage in foreign direct investment and to export. As regards exports, they report a positive link between cash flow and both the probability to export and the export volume, while the debt ratio is insignificant. The data used in this study suffer from a number of shortcomings. First, study the firm-level performance effects of export credit guarantees underwritten by the Federal Republic of Germany in 2000 to 2010; they report sizable positive causal effects of guarantees on sales growth and employment growth. Görg and Spaliara (2012) only from becoming a two-way trader (exporter and importer), but it does inhibit firms which import only or operate only within the national market to become a two-way trader. 4 There are a few notable exceptions, see Stibale (2011) for France, Arndt et al. (2012) for Germany, Lancheros and Demirel (2012) for India; note that other studies using data for these countries report results that are in line with the big picture of a negative link between credit constraints and export activities. 5 An exception is the study by Greenaway, Guariglia and Kneller (2007) Arndt et al. (2012), p. 50) . Furthermore, the question on credit constraints was only asked for firms that have realized investments in the year before, and this leads to a highly selected sample made of 53 % of all firms from the survey (see Arndt et al. (2012) , p. 50).
While the two studies with German data by Buch et al. (2010) and Arndt et al. (2012) provide some first evidence on links between financial constraints and exports they both have a number of severe shortcomings regarding the data used and the empirical strategy applied. Given that Germany is one of the leading actors on the world market for goods, and that exports are extremely important for the dynamics of the German economy, it seems important to dig deeper here. This paper is an attempt to do so.
Data and measurement issues
This paper uses a unique newly constructed data set that merges high-quality data at the enterprise level taken from surveys of the statistical offices with a score that measures the credit-worthiness of the firm and that is supplied by the leading German credit-rating agency, Creditreform. The data used are described in detail in this section.
Exports:
The data on exports used in this study are based on the report for establishments in manufacturing industries, a survey conducted regularly by the German statistical offices that is described in detail in Konold (2007) . This survey covers all establishments from manufacturing industries that employ at least twenty persons in the local production unit or in the company that owns the unit.
Participation of firms in the survey is mandated in official statistics law. For this study the information collected at the establishment level has been aggregated at the enterprise level (see Malchin and Voshage (2009) Credit rating score: The extent of financial constraints faced by a firm is measured by various variables in the literature (see Table 1 and Musso and Schiavo (2008) for a discussion). In this study we use the credit rating score supplied by
Creditreform, the leading credit rating agency in Germany. Compared to other widely used measures that are based on balance sheets information or subjective assessments collected in surveys, this score mirrors the credit market experts' view on the creditworthiness of a firm, and it is heavily relied upon by banks and firms in their day-to-day decisions. The score is based on 15 firm characteristics, including liquidity, turnover, capital structure, information on payment behavior, legal form, industry, firm age, productivity and firm size (for details, see Rossen (2012) ). The score takes values from 100 to 600, were Creditreform suggests that 100 to 149
should be considered as excellent, 150 to 199 as very good, 200 to 249 as good, 250
to 299 as medium, 300 to 349 as weak, 350 to 419 as high risk of failure, and firms with a score of 420 or more are classified as firms that should not be considered as partners in trade and credit relations.
Muuls (2008) uses a similar score variable (supplied by Coface for Belgian firms). She argues that although the score is clearly endogenous to the firm's performance and characteristics, it is not directly affected by its exporting behavior, given that exports are not used in constructing the index. Important advantages are that the score is determined independently by a private firm, is firm-specific, varies over time on an annual basis and allows for a measure of the degree of credit constraints rather than classifying firms as constrained or not. All this holds for the Creditreform score, too.
Data on the credit rating score of manufacturing enterprises were supplied by
Creditreform. For several firms the information is updated during a year. The information supplied always refers to the last update during the reporting year. These data from Creditreform are used for the first time in this paper to investigate the link between credit constraints and exports.
In the econometric investigation on the relation between exports and the credit rating score information on a number of firm characteristics that are known to be related to export activities 6 are included as control variables. Information on these control variables is taken from the same survey as the information on exports.
Firm size: The positive relationship between exports and firm size qualifies as a stylized fact for a long time. Firm size is measured by the number of employees. To take care of a non-linear relationship the number of employees is included in squares, too.
Productivity:
The positive relationship between exports and productivity is another stylized fact, although of a more recent origin (see Wagner (2007) for a survey). Productivity is measured as labor productivity and defined as total turnover per employee. Information on the capital stock of the firms is not available in the data, so more elaborate measures of total factor productivity cannot be used in this study.
Human capital intensity: Given that Germany is relatively rich in human capital
firms that use human capital intensively can be expected to have a comparative advantage on international goods markets. Human capital intensity is measured by the average wage per employee. Information on the qualification of the employees is not available in the data, but Wagner (2012) demonstrates that the average wage is indeed a good proxy variable for the qualification of the workforce in German manufacturing firms.
Industry: Dummy variables for 2digit-industries are included in the empirical models to control for industry specific effects like competitive pressure, policy measures, demand shocks etc..
The data for the credit rating score and the data from the survey of official statistics were merged inside the research data center of the statistical office. To investigate the role of credit constraints for exports in year t information on the credit rating score at the end of year t-1 (and on the control variables, also measured in t-1) and on exports in t and t-1 are needed. For West German Table 2 indicates that in each two-year period the share of firms that exported in both years is very high, while non-exporters are rare, and there are only a few export starters and export stoppers. There are still large differences between enterprises from manufacturing industries in West German and in former communist East German even some 20 years after the unification back in 1990, and this holds especially for export activities (see Wagner (2008) ). Both parts of Germany have to be investigated separately. Given the small number of firms from East Germany in the sample we focus on West German firms in this study only. 8 Due to the small number of export status switchers and the short time span the data are available for the application of panel econometric methods in the empirical investigation is not appropriate.
[ Table 2 near here]
The distribution of exporters and non-exporters in the sample clearly indicates that this is not a random sample of the population of manufacturing firms in West
Germany. In 2007, the data from official statistics used here have information on 32,010 enterprises in manufacturing industries in West Germany. For 5,593 of these firms information on the credit rating score could be merged to these data. The average number of employees in firms with credit rating score information was 462 persons compared to 102 persons in firms without this information. Figures for the other years are highly similar. Evidently, larger firms have a much higher chance to be rated by the credit rating agency. Given that firm size and export activity are highly positively related it comes as no surprise that exporters are highly overrepresented in the sample compared to the population. To control for this difference in the size composition of the population and the sample the number of employees is included as a control variable in the empirical models.
Results of the econometric investigation
The theoretical models of credit constraints and exports discussed in the introductory section lead to two empirically testable hypotheses (see Egger and Kesina (2010) and Minetti and Zhu (2011) 
Exporters vs. non-exporters
As a first step in the empirical investigation of H1 the credit rating scores of exporters and non-exporters are compared. Table 3 reports mean values and percentiles of the scores for both groups of firms for the two periods under investigation. The average score is smaller for exporters than for non-exporters in both years -exporters are judged to be better (because a smaller value of the score indicates a better performance). The difference in means is statistically highly different from zero according to a t-test. This result is in line with H1. The difference between the two groups, however, is only 10 score points and this is small from an economic point of view given the level of about 200 points for both groups.
[ Table 3 near here]
The percentiles of the score distributions for the groups indicate that firms are highly heterogeneous within the groups. Results that point to score differences at the (unconditional) mean might not tell the whole story. As Moshe Buchinsky (1994, p.453) put it: "'On the average' has never been a satisfactory statement with which to conclude a study of heterogeneous populations." An empirical study of heterogeneous firms should look at differences in the whole distribution of the variable under investigation between groups of firms, not only at differences at the mean. The empirical strategy used here, therefore, applies a non-parametric test for first order stochastic dominance of one distribution over another that was introduced into the empirical literature on exports by Delgado et al. (2002) . Let F and G denote the cumulative distribution functions of credit rating scores for two groups of firms (say, firms that export and firms that do not export). Fist order stochastic dominance 14 of F relative to G is given if F(z) -G(z) is less or equal zero for all z with strict inequality for some z. Given two independent random samples of firms from each group, the hypothesis that F is to the right of G can be tested by the KolmogorovSmirnov test based on the empirical distribution functions for F and G in the samples (for details, see Conover 1999, p. 456ff.) . Note that this tests not only for differences in the mean credit rating score of both groups but for differences in all moments of the distribution. Results for the Kolmogorov-Smirnov test reported in Table 3 clearly indicate that the distributions of the credit rating scores do indeed differ between exporters and non-exporters and that exporters have smaller (i.e., better) score values not only at the mean but over the whole score distribution. Again, the result is in favour of H1.
Results reported in Table 3 are for unconditional comparisons of mean values and distributions of the credit rating scores of exporting and non-exporting firms. In a second step H1 is tested controlling for other firm characteristics that are linked to exports. To do so an empirical model is estimated with a dummy variable that takes the value 1 if a firm is an exporter in t (and 0 otherwise) as the endogenous variable and the credit rating score at the end of t-1 plus control variables -the number of employees as a measure of firm size (also included in squares), labour productivity, the average wage per employee to proxy human capital intensity and a set of 2digit industry dummy variables -that are all measured in t-1 as exogenous variables.
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Results are reported in Table 4 in column 1 for a probit model. In both years the 9 Note that the credit rating score and both the number of employees and human capital intensity are correlated (larger and more human capital intensive firms have a better score). However, the R probability of being an exporter is higher ceteris paribus for firms with a smaller (i.e. better) credit rating score. This is again in line with H1.
The estimated marginal effects, however, are tiny. To illustrate this, consider an enterprise from a randomly selected industry with 400 employees, a labour productivity (average amount of total sales per employee, in Euro) of 100,000, and human capital intensity (average annual wage per employee, in Euro) of 60,000.
Based on the estimation results for the probit model for 2008 the estimated probability that this firm is an exporter is 99.3 percent if the firm has a credit rating score of 100. It decreases to 98.9 percent if the score goes up to 200, to 98.2 percent if the score increases to 300 and to 97.1 percent if the score is as high as 400.
Results based on the model for 2009 are almost identical. From an economic point of view, therefore, the statistically highly significant coefficient of the credit score variable is tiny. This, however, might be due to the fact that the share of nonexporters in the sample is small because information on the credit rating score is only available for larger firms that have a high propensity to export.
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[ Table 4 near here]
We next turn to a test of H2 that states that credit constrained firms have a lower export to sales ratio than firms that are not affected by credit constraints. To do so an empirical model is estimated with the share of exports in t as the endogenous variable and the credit rating score at the end of t-1 plus control variables -the number of employees as a measure of firm size (also included in squares), labour productivity, the average wage per employee to proxy human capital intensity and a 10 See the discussion at the end of section 3 above.
set of 2digit industry dummy variables -that are all measured in t-1 as exogenous variables. The endogenous variable, the share of exports in total sales, is a percentage variable that is by definition limited between zero and 100 percent, and that has a lot of observations at the lower bound because many firms do not export at all (see Table 2 for the sample used in this study). Papke and Wooldridge (1996) showed that for a fractional response variable of this type, and using cross section data, a fractional logit estimator is appropriate.
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The results from fractional logit regressions are reported in column 2 of Table   4 . The estimated coefficient for the credit rating score is statistically highly significant and negative, pointing to a ceteris paribus larger share of exports in total sales in firms with a smaller (i.e. better) credit rating score. This result is in line with H2.
While the statistical significance and the direction of the relationship between the credit rating score and the share of exports in total sales can be seen from table 4 at a glance, the relevance of the score for the export intensity -the significance from an economic point of view -cannot. The estimated coefficients form the fractional logit model reported in table 4 cannot be interpreted directly in a straightforward way.
To illustrate the strength of the link between the credit rating score and the share of exports in total sales the estimated results from the fractional logit models are used to perform simulation exercises by looking at hypothetical firms and computing their estimated share of exports in total sales. Consider again an enterprise from a randomly selected industry with 400 employees, a labour 11 Wagner (2001) introduced this estimation strategy into the literature on the determinants of exporting activities of firms, and discussed the flaws related to alternative approaches like Tobit or two-step estimators. For a comprehensive recent discussion of estimation strategies for fractional response variables with a non-ignorable probability mass at zero see Ramalho, Ramalho and Murteira (2010) .
productivity (average amount of total sales per employee, in Euro) of 100,000, and human capital intensity (average annual wage per employee, in Euro) of 60,000.
Based on the estimation results for the fractional logit model for 2008 the estimated share of exports in total sales is 67.6 percent if the credit rating score of the firm is 100. It decreases to 63.9 percent if the score increases to 200, it goes down to 60.1 percent when the score is 300, and it is 56.1 percent if the score reaches 400.
Results based on the model for 2009 are almost identical. From an economic point of view, therefore, the statistically highly significant coefficient of the credit score variable is rather small. This, however, might again be due to the fact that information on the credit rating score is only available for larger firms that tend to have a large share of exports in total sales.
The bottom line, then, is that, in line with the theoretical hypotheses, we find a positive although somewhat weak link between a better credit rating score of a firm and both the probability that the firm is an exporter and a higher share of exports in total sales.
Export starters vs. non-exporters
While some of the extra costs of exporting that are discussed in the introductory paragraph of this paper and that are the reason for the link between credit constraints and exports are relevant for firms that are active on foreign markets for a longer time (higher working capital requirement due to longer time spans to collect payment, higher risk of export activities) some costs are especially relevant for firms that start to export. 12 These extra costs include costs for the acquisition of information about a target market, for the adaption of products to foreign legal rules or local tastes, for instruction manuals in a foreign language and for setting up a distribution network.
These costs have to be paid up front and are, at least to a large extent, sunk costs. If firms do not have sufficient liquidity to pay for these costs, credit constraints may be binding. This leads to a third hypothesis:
H3: Credit constrained firms are less likely to start to export.
With the sample at hand, unfortunately, an empirical investigation of the link between the credit rating score and the probability of starting to export can only be based on a small number of export starters (see Table 2 ). For firms that did not export in 2007 and that started to export in 2008 we find no evidence for a difference in the credit rating score compared to firms that did not export in 2007 and 2008. The difference in the mean values of the two groups of firms is not statistically significantly different from zero and the hypothesis that the score distributions of the two groups of firms do not differ cannot be rejected at any conventional error level (see Table 5 ).
Results from a probit model with an export starter dummy variable as the endogenous variable and the credit score plus control variables as exogenous variables point to the same direction (see Table 6 ).
[ Table 5 and Table 6 Empirical evidence for the hypothesis that credit constrained firms are less likely to start to export, therefore, is at best weak.
Export stoppers vs. non-stoppers
As said, some of the extra costs of exporting that are the reason for the link between credit constraints and exports are relevant for firms that are active on foreign markets for a longer time (higher working capital requirement due to longer time spans to collect payment, higher risk of export activities). If firms do not have sufficient liquidity to pay for these costs, credit constraints may be binding. We might expect that these firms stop to export to reduce costs and concentrate their activities on the home market. This leads to a fourth hypothesis:
H4: Credit constrained firms are more likely to stop to export
As in the case of a comparison of export starters and non-starters with the sample at hand, unfortunately, an empirical investigation of the link between the credit rating score and the probability of stopping to export can only be based on a small number of export stoppers. Results reported in Table 7 and Table 8 indicate that there are no statistically significant differences in credit rating scores between 20 firms that continued to export and that stopped to export in either 2008 or 2009. H4 is not supported by the data.
[ Table 7 and Table 8 near here]
Concluding remarks
This study uses newly available enterprise level data for firms from manufacturing industries in Germany to test for the link between credit constraints, measured by a credit rating score from the leading credit rating agency Creditreform, and exports. In line with hypotheses from theoretical model we find a positive link between a better credit rating score of a firm and both the probability that the firm is an exporter and a higher share of exports in total sales. This link, though statistically highly significant, is not very from an economic point of view. While empirical evidence for the hypothesis that credit constrained firms are less likely to start to export is at best weak, we find no evidence for a statistically significant difference in credit rating scores between firms that that stopped to export and continued to export.
To put these results into perspective two characteristics of the enterprise level data used in this study should be pointed out. First, the way credit constraints are measured can be considered as convincing. While the credit rating score used is clearly endogenous to the firm's performance and characteristic, it is not directly affected by its exporting behavior, given that exports are not used in constructing the index. Important advantages are that the score is determined independently by a private firm and is not based on subjective assessments, it is firm-specific, varies over time on an annual basis and allows for a measure of the degree of credit constraints rather than classifying firms as constrained or not. Second, while the measure for credit constraints is very suitable for the study of the links between credit 21 constraints and exports, the sample used is less so. As said in section 3 smaller firms are underrepresented because the credit rating score is not available for these firms.
Connected to this shortcoming is the small share of non-exporting firms and the small number of export starters and export stoppers. Smaller firms are more often nonexporters and do more often switch into and out of exporting. For these firms credit constraints might be more important than for larger firms who often generate enough liquidity to cover the extra costs of exporting.
The big picture of weak evidence in favor of the hypotheses of negative effects of credit constraints on exports found in this study for German manufacturing firms, therefore, might not be found for smaller firms. As long as suitable data for the credit worthiness of these smaller firms are not available, however, this cannot be investigated. Furthermore, due to the small number of export status switchers in the sample and the short time span the data are available for the application of panel econometric methods in the empirical investigation is not appropriate and unobserved time-invariant firm characteristics cannot be controlled for. Therefore, the results presented here should not be used as a basis to discuss the need for policy measures to improve the access to credits for firms that intend to start or expand export activities. 
